Background: Falls are a common but serious problem in older adults, and may lead to fractures and bleeding. As many factors, such as medication, aging, and comorbid diseases may simultaneously affect fall-related adverse events (AEs) in older adults, we evaluated the association between fall-related AEs and the use of medication, aging, and comorbid diseases using the Japanese Adverse Drug Event Report (JADER) database. Methods: We analyzed reports of fall-related AEs associated with α-blockers, diuretics, calcium channel blockers, central nervous system (CNS)-active drugs (opioids, benzodiazepines, hypnotics and sedatives, non-selective monoamine reuptake inhibitors, and selective serotonin reuptake inhibitors (SSRI)) in the JADER database using the reporting odds ratio (ROR). For the definition of falls, we used the Preferred Terms of The Medical Dictionary for Regulatory Activities (MedDRA). We used the association rule mining technique to discover undetected associations, such as potential risk factors. Results: The JADER database comprised 430,587 reports between April 2004 and November 2016. The RORs (95% CI) of α-blockers, diuretics, calcium channel blockers, opioids, benzodiazepines, hypnotics and sedatives, non-selective monoamine reuptake inhibitors, and SSRIs were 1.63 (1.27-2.09), 0.74 (0.63-0.86), 1.26 (1.15-1.38), 0.93 (0.80-1.07), 1.83 (1.68-2.01), 1.55 (1.12-2.14), 2.31 (1.82-2.95), and 2.86 (2.49-3.29), respectively. From the lift value in the association rule mining, the number of administered CNS-active drugs and patient age were associated with fall-related AEs. Furthermore, the scores of lift for patients with herpes zoster administered calcium channel blockers or benzodiazepines and patients with dementia administered benzodiazepines were high. Conclusion: Our results suggest that the number of administered CNS-active drugs and patient age are both associated with fall-related AEs. We recommend that patients with herpes zoster treated with calcium channel blockers and benzodiazepines be closely monitored for fall-related AEs.
Background
Falls are common health events and a serious problem among older adults [1] [2] [3] . Falls may cause severe fractures, functional decline, decreased activity, and reduction in quality of life [4] [5] [6] [7] . Risk factors for falls among older adults include intrinsic, extrinsic, and environmental factors [8] [9] [10] . Intrinsic factors are age-related changes in the sensory motor system leading to gait/ balance disorder, dysfunctions of the nervous and muscular systems, dizziness/vertigo, postural hypotension, and visual disorders. Extrinsic factors include medications [9, [11] [12] [13] [14] .
Several medication classes, including antidepressants, antipsychotics, benzodiazepines, sedative hypnotics, opioids, some cardiac drugs, and diuretics, have been associated with an increased risk of falls [8] [9] [10] [11] [12] [13] [14] [15] . The Japan Geriatric Society published guidelines for safe pharmacotherapy in the elderly. Potentially inappropriate medication uses were summarized in the guideline as follows: benzodiazepines, non-benzodiazepines, and anxiolytics associated with falls and related fractures; antidepressants (tricyclic antidepressants) associated with orthostatic hypotension; loop diuretics and α-blockers associated with orthostatic hypotension and falls [16] . The use of benzodiazepines and sedative hypnotics can increase the risk of falls [9, [17] [18] [19] due to dizziness, sedation, impaired motor coordination, and postural disturbances [20] . Medications affecting the central nervous system (CNS) can cause dizziness and orthostatic hypotension that increases the risk of falls [8, 9, 21, 22] .
According to the American Geriatrics Society (AGS) 2015 Updated Beers Criteria, taking 3 or more CNS-active drugs concomitantly increases the risk of falls [15] . On the other hand, polypharmacy can lead to drug interactions and may be an important risk factor for falls [23] . Previous studies have reported an association between polypharmacy and falls [8, [24] [25] [26] [27] [28] [29] , although some studies found no association [25, [30] [31] [32] . To our knowledge, the detailed association between the number of concomitant CNS-active drugs and falls remains unclear.
The spontaneous reporting system (SRS), such as the US Food and Drug Administration (FDA) adverse event reporting system (FAERS), has been used in pharmacovigilance assessments [33, 34] . Based on the FAERS database, we previously reported that the concomitant use of antipsychotic drugs may increase the risk of hyperglycemic adverse events (AEs) using established pharmacovigilance indexes of the reporting odds ratio (ROR) [35] . The regulatory authority in Japan, the Pharmaceuticals and Medical Devices Agency (PMDA), controls the SRS of the Japanese Adverse Drug Event Report (JADER) database. By assessing the adjusted RORs using the JADER database, we demonstrated that polypharmacy may be more closely associated with an increased risk of renal disorder than hepatic disorder [36] .
Association rule mining has been proposed as a new analytical approach for identifying undetected associations between variables in large databases, such as potential risk factors. Recently, this algorithm has been applied to assess the association rules of AEs in the JADER database [37] [38] [39] [40] . As many factors, such as medications, aging, and comorbid diseases, may be simultaneously affecting fall-related AEs in older adults [41] [42] [43] [44] , we included these factors in our analysis.
In the present study, we aimed to explore the association between fall-related AEs and the use of medications such as antidepressants, antipsychotics, benzodiazepines, sedative hypnotics, opioids, calcium channel blockers, and diuretics with ROR using the SRS database. To the best of our knowledge, this is the first study to evaluate potential associations among the number of concomitant CNS-active drugs, aging, and fall-related AEs using the association rule mining technique. Furthermore, we explore the association rules among fall-related AEs, the use of medication, and comorbid diseases.
Methods

Data sources
Data from the JADER database between April 2004 and November 2016 were downloaded from the PMDA website (www.pmda.go.jp). The database consists of 4 data tables: patient demographic information (DEMO), drug information (DRUG), AEs (REAC), and primary disease (HIST). We constructed a relational database integrating the 4 tables using FileMaker Pro Advanced 13 (FileMaker, Inc. Santa Clara, CA). The description of age was recorded in the data table of DEMO that includes patient demographic information. The reports were stratified by age as follows: ≤19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, 80-89, and ≥ 90 years. If the description of age was included as young adults, adults, elderly, first trimester, second trimester, third trimester, or unknown, the patient was excluded because these descriptions could not be categorized into precise 10-year intervals.
Drugs
We used the Anatomical Therapeutic Chemical (ATC) Classification System described by the World Health Organization (WHO) Collaborating Centre for Drug Statistics Methodology for drug definition. All generic names of drugs were verified and subsequently linked with the corresponding ATC classification code. According to the listed drugs in the AGS 2015 Updated Beers Criteria, 98 drugs were selected and categorized into 8 ATC-drug classes: α-blockers ("α-adrenoreceptor antagonists" (ATC code: C02CA, https://www.whocc.no/atc_ddd_index/ ?showdescription=yes&code=C02CA)); diuretics ("sulfonamides, plain" (ATC code: C03CA, https://www. whocc.no/atc_ddd_index/?code=C03CA), "aryloxyacetic acid derivatives" ATC code: C03CC, https://www.who cc.no/atc_ddd_index/?showdescription=yes&code=C03 CC)); calcium channel blockers ("calcium channel blockers" (ATC code: C08, https://www.whocc.no/atc_ddd_index/?co de=C08)); opioids ("opioids" (ATC code: N02A, https:// www.whocc.no/atc_ddd_index/?code=N02A)); benzodiazepines ("benzodiazepine derivatives" (ATC code: N05CD, https://www.whocc.no/atc_ddd_index/?code=N05CD), "benzodiazepine related drugs" (ATC code: N05CF, https:// www.whocc.no/atc_ddd_index/?code=N05CF)); hypnotics and sedatives ("barbiturates, plain" (ATC code: N05CA, https://www.whocc.no/atc_ddd_index/?code=N05CA), "aldehydes and derivatives" (ATC code: N05CC, https:// www.whocc.no/atc_ddd_index/?code=N05CC), "melatonin receptor agonists" (ATC code: N05CH, https://www.who cc.no/atc_ddd_index/?code=N05CH), "other hypnotics and sedatives" (ATC code: N05CM, https://www.whocc.no/ atc_ddd_index/?code=N05CM)); non-selective monoamine reuptake inhibitors ("non-selective monoamine reuptake inhibitors" (ATC code: N06AA, https://www.whocc.no/atc_ ddd_index/?code=N06AA)); SSRI ("selective serotonin reuptake inhibitors" (ATC code: N06AB, https://www.who cc.no/atc_ddd_index/?showdescription=yes&code=N06AB)) ( Table 1) .
CNS-active drugs were defined in the AGS 2015 Updated Beers Criteria [15] . According to the AGS criteria, we defined CNS-active drugs by combining opioids (ATC code: N02AA, N02AB, N02AC, N02AD, N02AE, N02AF, N02AG, and N02AJ), benzodiazepines (ATC code: N05CD and N05CF), hypnotics and sedatives (ATC code: N05CA, N05CC, N05CH, and N05CM), non-selective monoamine reuptake inhibitors (ATC code: N06AA) and SSRI (ATC code: N06AB) for the association analysis of the number of concomitant CNS-active drugs. For the association analysis of the number of calcium channel blockers, we defined calcium channel blockers (ATC code: C08CA, C08DA, C08DB, and C08EA). In the DRUG table, the causality of each drug was assigned a code according to its association with the AEs, such as a "suspected drug," "concomitant drug," or "interacting drug." Reports with the drug code "suspected drug," Calcium channel blockers amlodipine (C08CA01), felodipine (C08CA02), nicardipine (C08CA04), nifedipine (C08CA05), nisoldipine (C08CA07), nitrendipine (C08CA08), nilvadipine (C08CA10), manidipine (C08CA11), barnidipine (C08CA12), cilnidipine (C08CA14), benidipine (C08CA15), verapamil (C08DA01), diltiazem (C08DB01), bepridil (C08EA02)
Opioids morphine (N02AA01), opium (N02AA02), oxycodone (N02AA05), dihydrocodeine (N02AA08), morphine, combinations (N02AA51), hydromorphone and naloxone (N02AA53), oxycodone and naloxone (N02AA55), oxycodone and naltrexone (N02AA56), dihydrocodeine, combinations (N02AA58), codeine, combinations excl. psycholeptics (N02AA59), codeine, combinations with psycholeptics (N02AA79), pethidine (N02AB02), fentanyl (N02AB03), pethidine, combinations excl. psycholeptics (N02AB52), pethidine, combinations with psycholeptics (N02AB72), methadone, combinations excl. psycholeptics (N02AC52), dextropropoxyphene, combinations excl. psycholeptics (N02AC54), dextropropoxyphene, combinations with psycholeptics (N02AC74), pentazocine (N02AD01), buprenorphine (N02AE01), butorphanol (N02AF01), morphine and antispasmodics (N02AG01), pethidine and antispasmodics (N02AG03), dihydrocodeine and paracetamol (N02AJ01), dihydrocodeine and acetylsalicylic acid (N02AJ02), dihydrocodeine and other non-opioid analgesics (N02AJ03), codeine and paracetamol (N02AJ06), codeine and acetylsalicylic acid (N02AJ07), codeine and ibuprofen (N02AJ08), codeine and other non-opioid analgesics (N02AJ09), tramadol and paracetamol (N02AJ13), tramadol and dexketoprofen (N02AJ14), tramadol and other non-opioid analgesics (N02AJ15), oxycodone and paracetamol (N02AJ17), oxycodone and acetylsalicylic acid (N02AJ18), oxycodone and ibuprofen (N02AJ19), tramadol (N02AX02), tapentadol (N02AX06)
Benzodiazepine derivatives/Benzodiazepine related drugs
Barbiturates, plain, Aldehydes, Melatonin receptor agonists, and other hypnotics and sedatives
Non-selective monoamine reuptake inhibitors desipramine (N06AA01), imipramine (N06AA02), clomipramine (N06AA04), trimipramine (N06AA06), lefepramine (N06AA07), amitriptyline (N06AA09), nortriptyline (N06AA10), dosulepin (N06AA16), amoxapine (N06AA17)
Selective serotonin reuptake inhibitors paroxetine (N06AB05), sertraline (N06AB06), fluvoxamine (N06AB08), escitalopram (N06AB10)
"concomitant drug," and "interacting drug" were included in this analysis.
Definition of adverse event
AEs in the JADER database are coded with terms in the Medical Dictionary for Regulatory Activities (MedDRA), which is the terminology dictionary used in the JADER database (the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), Introductory Guide MedDRA Version 19.0). We extracted reports of fall-related AEs using the following preferred terms (PT): fall (PT code: 10016173), dizziness (PT code: 10013573), and orthostatic hypotension (PT code: 10031127).
Reporting odds ratio
To detect fall-related AEs, we calculated the ROR, which is widely used in post-marketing studies, by using the disproportionality analysis. The ROR is the ratio of odds of reporting an AE (fall-related AEs) versus all other events associated with the given drug compared with the reporting odds for all other drugs in the JADER database. To compare 1 of the index groups with the reference group, we calculated the crude ROR as (a/c)/(b/d) ( Fig. 1 ) [33] . ROR was expressed as point estimates with a 95% confidence interval (CI). Safety signals were considered significant when the lower limit of the 95% CI of the estimated ROR was greater than 1. Two or more cases were required to define the signal.
Association rule mining
Association rule mining focuses on finding frequent co-occurring associations among a collection of items. Given a set of transactions T (each transaction is a set of items), an association rule can be expressed as X [the antecedent (left-hand-side, lhs) of rule:] → Y [the consequent (right-hand-side, rhs) of rule:], where X and Y are mutually exclusive sets of items. Support is defined as the percentage of transactions in the data that contain all items in both the antecedent (lhs) and the consequent (rhs) of the rule. The support indicates how frequently the rule occurs in the transaction. The formula for calculating support is as follows:
D is the total number of the transaction. Confidence corresponds to the conditional probability P (Y|X). Confidence measures the reliability of the interference made by a rule. The formula for calculating confidence is as follows:
The lift of an association rule is frequently used to gauge the interestingness of a rule and represents the ratio of probability. The lift is the confidence divided by the proportion of all cases that are covered by the rhs. In other words, lift is the ratio between the confidence of the rule and the support of the itemset in the consequent of the rule. The formula for calculating lift is as follows:
Lift is a measure of the importance of the association and it is independent of coverage. Since P (Y) appears in the denominator of the lift measure, the lift can be expressed as the confidence divided by P (Y). The lift can be evaluated as follows: lift = 1, if X and Y are independent; lift > 1, if X and Y are positively correlated; lift < 1, if X and Y are negatively correlated. The statistical significance of the association rule can be estimated by using the Chi-squared analysis [45, 46] . The Chi-squared statistic is defined in terms of the confidence, support, and lift of the single rule. We calculated the Chi-squared values to evaluate the association rules:
The association rule mining was performed using the apriori function of the arules package of R version 3.3.3 software. The first step of apriori algorithm searches for item sets that have more than a given minimum support, while in the second step, rules are generated by selecting "confident" item sets from those found in the first step. Support and lift were visualized using the R-extention package arulesViz which implements novel visualization techniques to explore association rules. The arguments Fig. 1 Two-by-two contingency table for the calculation of the reporting odds ratio of plot in the arulesViz were set as follows: method = "graph," measure = "support," shading = "lift." The measures of support were used in visualization as area of circle. The measures of lift were used for the shading of color of the circle.
Results
The JADER database contained 430,587 reports between April 2004 and November 2016. The number of reports for the ≥60 year-old-group was 247,170. The number of reports including fall-related AEs was 3715 overall and 2340 in the ≥60 year-old-group. The RORs (95% CI) of α-blockers, diuretics, calcium channel blockers, opioids, benzodiazepines, hypnotics and sedatives, non-selective monoamine reuptake inhibitors, and SSRI were 1. Table 2) .
The association rule mining technique was applied to fall-related AEs (as consequent) using demographic data, such as the age category and the number of CNS-active drugs or calcium channel blockers administered (Table 3) . To extract association rules efficiently, the thresholds for the optimized support and confidence thresholds were set at 0.000001 and 0.001, respectively, and maxlen (a parameter in the arules package) was restricted to 3. The number of extracted rules was 58 (Table 3) . We visualized the result in the heat map of the lift and support obtained from the number of administered drugs (CNS-active drugs) and the stratified age group (Table 3, Fig. 2 ).
For fall-related AEs caused by CNS-active drugs, a greater number of administered CNS-active drugs showed a trend of higher lift because the lift of 1 medication, 2 medications, 3 medications, 4 medications, and 5 medications consisting of CNS-active drugs were 1.66, 1.68, 1.69, 2.05, and 2.63, respectively (Table 3, Fig. 2 ). The lift values increased according to the interaction between aging and the number of administered CNS-active drugs.
For fall-related AEs by calcium channel blockers, the lift of monotherapy and 2 calcium channel blockers were 1.22 and 1.25, respectively, and were almost equal (Table 3) . There was no association between increasing the number of calcium channel blockers and fall-related AEs. However, when 1 calcium channel blocker was administered, a higher lift was found among the ≥70 yearold-group than among the < 70 year-old-group.
To evaluate risk factors of fall-related AEs in the ≥60 year-old-group (247,170 cases) using demographic data, such as patient history and administered drugs, we applied the apriori algorithm (minimum support, confidence threshold, 0.000001, 0.01, respectively) and the maxlen was restricted to 4. The number of extracted rules was 45 ( Table 4 ). The association rules of the combination of {benzodiazepines, dementia} → {fall-related AEs}, {benzo-diazepines, herpes zoster} → {fall-related AEs}, {calcium channel blockers, benign prostate hypertrophy} → {fall-related AEs}, {opioids, back pain} → {fall-related AEs}, {cal-cium channel blockers, herpes zoster} → {fall-related AEs}, {opioids, SSRI} → {fall-related AEs} demonstrated high lift scores (Table 4 , id [1] [2] [3] [4] [5] [6] ).
Discussion
Falls can cause serious injuries and are associated with considerable morbidity and mortality, particularly among older adults. The present analysis showed that α-blockers, calcium channel blockers, and CNS-active drugs had high and significant RORs of fall-related AEs. Our study further indicated that the number of administered CNS-active drugs and aging are both associated with the lift value of fall-related AEs. For calcium channel blockers, we also found an age-related increase of lift value. The risk of falls on initiation of antihypertensive drugs in the elderly was reported [47] . Age-related physical and physiological changes increase the incidence of falls. Aging decreases hepatic metabolism and renal drug elimination. These changes lead to higher drug exposure and an increased risk of falls among older adults. These risks should be considered carefully in clinical practice.
The effect of the concomitant use of CNS-active drugs on postural balance may be additive and the concomitant use of CNS-active drugs increases the risk of falls [48] and fractures [49, 50] , which are associated with high morbidity and mortality rates [51] . The risk of falls may be attributed to potential drug interactions between antidepressants and benzodiazepines. Our findings are consistent with recent research examining concomitant CNS-active drug use and falls among older adults [52] [53] [54] [55] [56] , which suggests that pharmacodynamic drug interactions (e.g. involving CNS medication, muscle relaxants, opioids, and SSRI) with benzodiazepines contribute to the increased risk of falls. To the best of our knowledge, there have been no previously published reports on association rule mining analyses for CNS-active drugs using the SRS database. Our results suggest that the risk of fall-related AEs with CNS-active drug monotherapy should not be underestimated. The information derived from this study using association rule mining could complement earlier reports.
Studies regarding the association between polypharmacy and falls have been conducted, however, conclusive results have not been obtained due to small sample sizes [26-28, 30, 54] , selective study populations [25, 26] , or study design (cross-sectional analyses). For example, the use of benzodiazepines was associated only with an increased risk of injurious falls when used with concomitant medication. However, the use of benzodiazepines was also associated with a greater number of falls irrespective of polypharmacy [57] . In a prospective study involving a community-dwelling group aged > 60 years, polypharmacy was not associated with an increased risk of falls after adjusting for co-morbidity [57] . Polypharmacy is generally defined according to the total number of concurrent medications. We investigated the association rules with the number of CNS-active drugs or the number of calcium channel blockers. After considering the causality restraints of the current analysis, further robust epidemiological studies are recommended.
Polypharmacy is associated with an increased risk of administration of potentially inappropriate medication. According to the Beers criteria [58] and the Screening Tool of Older Person's Prescriptions (STOPP)/Screening Tool to Alert doctors to Right Treatment (START) criteria [59, 60] , healthcare professionals should optimize the medication of their patients and minimize polypharmacy to reduce AEs.
Among older adults, treatment is complicated by the high frequency of comorbidity [58] . We detected the association rules of combination of {benzodiazepines, herpes zoster} → {fall-related AEs} and {calcium channel blockers, herpes zoster} → {fall-related AEs}. Several studies have reported that valacyclovir and pregabalin induce dizziness which leads to falls [27] . Healthcare professionals should pay attention to the risk of falls among patients with herpes zoster administered calcium channel blockers or benzodiazepines. Healthcare professionals should conduct a thorough medication review, including past patient history, age-related physical changes, drug-drug interactions, and AEs considered as risk factors for falls [61] [62] [63] [64] . Optimized interventions to reduce the incidence of falls among older adults should be introduced, such as stopping, switching, or reducing the number of administrated drugs and adding vitamin D [65] .
A number of limitations of the analysis using SRS, such as the JADER database, should be noted. The SRS is subject to over-reporting, under-reporting, missing data, exclusion of healthy individuals, lack of a denominator, and the presence of confounding factors [66] . The target drugs in our study were selective, and not comprehensive, and was not intended to diminish the clinical importance of known drug-drug interactions not listed. Despite these limitations, we obtained reasonable results that complement or corroborate those reported in the literature. Our results provide valuable insights into prescribing drugs to older adults in a real-world clinical setting.
Conclusion
This study is the first to evaluate the correlation between fall-related AEs and the number of concomitant CNS-active drugs, aging, and comorbid diseases using ROR and association rule mining technique based on the JADER database. Despite the inherent limitations of SRS, the number of administered CNS-active drugs and patient age were both associated with the lift value of fall-related AEs. The present analysis demonstrates that the incidence of fall-related AEs associated with benzodiazepines and calcium channel blockers use should be closely monitored in patients with herpes zoster. We believe that the data presented in this study will help healthcare professionals to improve the care of older patients administered different medications concomitantly. 
